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through th computer simulations that this sche e canr BIPOLAR JUNCTION TRANSISTORS
provide con (ant switching frequiency and smaller current FABRICATED IN SILICON -ON -SAPP! !!RE

E3. N. Cartagenta, 13. Ofl'Ord arid GI Garcia

Iiidetinq termsi Bipolar jer-ik,''1jsigrSino
de~i ex nd mnaterials

I .li cirects or processoing terowrrpeture on colletorid 1cik4Fr
current in bipolar jun~ion ýti~iwi~os t(il sI (,.bricaic, N.

ih,ýo ii -on-'s4pphiic (SOSI) L c :,;.wunicJ At to. pi-
Z2 0 0 20 0 40temperatures (850'c) it reduciini of five orders of nignnicde

Ime.M Sin the collector leakage current ýsa% observed Ebsclcnte I V
characteristics were obtained on both NPN and P'NP tran-

14 - smsors fabricated at tower ininperatures Measured 1,)(
10 refrencecurrent gain 0 for the NPIN desicees was 30. and that of tinc
6 ~PNP devices was 40. Additionally, current mode togic (CM L i
2 ~circuits fabricated using ihtsec trantistors cithibited cil
2 hbetased DC Switching CfiianaLtcinsiics

b 0 1 20 0 40Introduction: Advances in stlicon-ori-sapphtee (SOS) pro.

time...s Ti~gce-ssing have increased the lifetimc of the material as well a,,
reducing microtwin defects and stacking faults. Processing

Fig. I Response!ý to step change o refere circu~it when r. 50S cos techniques such as lowering the epitaxy-growth temperature,
(IO07rr) [ V] growing layers on heavily phosphorus-doped layers [11 and

a Predictive current control using arsenic-doped films [2] have resulted in higher lifetiose
h Proposed current control and therefore lower junction leakage current, in SOS fllrTIS

The develo ,' nent of doubl e- solid -phase'epi tax y (DSPE) [3]
has improved the crystal quality by eliminating the propaga-

cur-rent control schemes arc com -red with respect to the tiuri of rnicrutwins and stacking faults which contribute to
sampling periods as shown in Fig. It can tt noted that the emitter to collector shorts in bipolar devices. These improve-
error of the proposed scheme v ri s slightliu for the larg,- merits in processing techniques have made SOS a desirahle
variations tn load parameters. M re er, the *ureent error of candidate material for bipolar junction transistors (BiTs).
the proposed scheme is reduced ore apidly than that of the BiTs in SOS have several distinct advantages over their
predtctive control scheme as the s mphi period is decreased, bulk counterparts. Total isolation between devices can be

obtained by etching Si islands into the sapphire substrate.
Because the devices are fabricated on an insulating substrate,

-5 1 5there is a reduction in collector to substrate capacttance which
'0 <may give rise to a 12% decrease in ECL gate delay [4jJ

Because devices are completely isolated from each other. ihcite
~ tO~ is no possibility of latch-up. Also, ,l interconnecting lines jirt

on the insulating substrate, thereby contributing little par,,,
(m) sitic capacitance and allowing high-voltage and high-

D frequency components in close proximity (5]. Additional.,
devies fabricitiec in SOS have shown that radiaiior-i-ndoi cs
photocurrents are three orders of magnitude lower than in

0 0 0 2 0 3 4 5bulk silicon, making for a very radiation hard technology (6].
somprin period ms i35Most of the development of BiTs on SOS has been

restricted to lateral BIT devices (7] and epitaxia. BITs [8].
Fig. 2 Variations of ub (I )1) with respect to sampi g period We report the successful fabrication of vertical diffused NP"N

(i) predictive (e. 50 s (I00m) (V]) and PNP BiTs fabricated in SOS. We have used all implanted
(it) proposed (e. 50 s (Il t0st) [V]) base and emitter regions and we compare high-temperature
(iii) predictive (e. 60 os (I 0ni)[ V]) emitter anneals against low-temperature emitter anneals and
(i v) p r o posed ~ 60 oC (t0%i0 [V]) examine their effect on the resultant device behaviour.

Fabrication: The SOS wafers used had a diameter of 100mm
Conclusions- A curre t control scheme with refere voltage with an initial intrinsic thickness of 2700 A. The material was I I
estimation for a volt ge- fed PWM inverter is propo . Infor- improved by using DSPE techniques to obtain high quaiiNt'
mation on EMF is not required in this scheme. It is shown transistors. The initial step in the DSPE process is amorphisa- S CRALI
error than the pred' tive control scheme with the sa switch- tion of the silicon at the silicon-sapphire interface. This was T 'Ab,-
ing frequency whe the load parameters are mismatc 'accomplished using an implant of Si" at an energy of

185 KeY and a dose of 6 x t1ia ion/cm2 . An anneal in N 218th M ch 1992 recrystallised the silicon using the upper layer of silicon as a tft0t

I. W. Jung. K. Y. Cho. D. S. Oh and M. 1. Youn (Dep ment of seed. The second step in the DSPE process is amorphisation
Electrical Engi.-tere ing. Korea Advanced Institute of Science Tech- of the silicon at the surface acc~omplished by using a shallow
not oqy, 3"3-1, K ng-Dong, Yusung-Ou. Taejon,.305-701, Kor a) implant of Si'" at an energy of 100 KeV and a dose of

l1is ion/cm'. A final anneal tin N, recrystaltised the silicon tributlon
surface using the bottom layer as it seed thus completing the

ReeecsDS1IE process. Avallabifty Codes
Half the wafcrs were used for NI'N devices, the other halt _______

I oti. r). s., a d YoIJN. m. i. 'Automated adaptive hysteresis c rreni for PNP devices. To reduce collector series resistance a bUried Avail and I *r
control for a voltage-fed PWM inverter'. Electron L-et,.. 19 , 26 layer was implanted into the 270()A intrinsic siliconi matertial tSpecial

2ppo. 204 ad4- su-r Anaatvecret oto For the NPN devices the buried layer was forimed by ionb
%cheme r, PWM synchronous motor di~ves: analysis and sirn ]a- implantation of phosphorus at 80KeV with at dose of~\
(ion'. IE E Trans., 1989, PRE-41, pp. 486-495 3 x lois ion/cm2 . The PNP butriedt latyer was formed usingt awý ''

3 w)wFs, R.. and DAVnFS. T.: 'Microprocessor-based devetopmi boron implantation at 30 KcV with a dlose of 1 5 ( ti10"lon!
System it PWM variabte'speed ditrves'. lEE Pror /J. 1985. 1. crnY followed by another hototi do,(- of 1 5 x< 10" iotni ii m, -.11____

(1, p.&-570 KeV. The NPNs and PN l's wc'o rhictie annecaledt in s'c',ii .itc
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!, ia ces III. N anI ile [It Susqent It' a It pnt ri I pic Optium anneal tertipceratuire .iii 1a:.sl
eptiaxial layer with a nominaicl doping density . If 10" ion/,'a oped. The measured cuttelit g'ain for the NI' ds e%
oý ih gnm I; on the NPIN wafers Similarly, at1 Ojan epitasmal and that of (lhe PNI' descsi: is 40)
p' -Ispc las ei with a nominal doping density of 10 io tonnrt F-ig 3 demonistrates a L utreio tn, oleoi: I( W I

wis g~rown on the PN P wafers ti ansf-r curve fabricated ustit'n NPtN iri'th. -

After cpita.iia) deposinion the devices were isolated using at
pstasiNt driiside etch hihremoved all silicon betw~een

ii r I (C ifSt IDiit in tinpla il dises anid an neal te inpe rattlics C
p to. ded ani adequate test nma trix iii which to analyse teni
perat ure-related etll-ects on these devices. The temperatures
chosen (or the emitter anneal were 850 and 950'C. The
Implant dloses were 5 x l1ts ion/'cm', 10'2 ion/cm2 and
2 x 10'2 ion/em 2 . After the implants and emitter anneals, a
5000 A low temperature oxide was deposited and densified. A >
nmetal interconnect using titanium and A]I/%Si provided ade- -

quate step coverage and minimised spiking into the narrow 1
emitter junctions.

Remsilts, DC characteristics were measured on NPN and PNP
devices with a I x 812im 5 emitter. Measured Gummel plots
for NPN devices, shown in Fig. 1, and PNP devices, shown in -25 . - -- ~-.

ZS, 2, display the DC bipolar behaviour. F-ig. I shows an -3 2 6 2 ? -20>6 i I

10________________ Fig. 3 Current mode logic transfer curtw for Envierter fabricated a,,h

0 NPN devices

process. T-he transfer curve shows excellent DC transfer char-
aeteristics, with a 200 mV input signal driving the output from

01-2 lV to - 22 V indicative of the proper current steering
mechanism that is behind CML circuits.

Z' 0 AC measurements were made on NPN transistors with a
network analyser. f, values were obtained for collector
current 1, variations of 10, 20, 30, 40, and 50,uA. Collector
current variations above this amount could not be performed

I' using these particular test structures %%ithuut signitlcant
_______________________________damage to the test devices. The data for f, against 1, arc

03 05 07 09 ii 3 1 5 shown in Fig,4. Itcan be seen from Fig. 4that the f, at 50i.A
V, 5 . vis 2-1 GH7L However, the curve appears to be on an upward

slope and the maximum f, value is not reached within this setFig. I Gumntel characteristics for NPN transistor with varying emitter of data.
anneals

8500C
--- 950*C

.1

16-3

1.5 ToC

.7 4,
-to

collector currentA

V, V Fig. 4 Frequency charact eristics for NPN transistor

Fig, 2 Gummel characteristics for PNP transistor with 8500 C emitter
anneal Conclusions: It has been shown that by using current tech-

niques for SOS processing along with reduced anneal tem-
NPN transistor processed at 8500C, device NPNI, superim- peratures, BiTs on SOS can be fabricated which exhibit low
posed over that of one processed at 9500(2, device NPN2. emitter coilector leakage, decent bipolar current gain, and
Device NPN2 exhibits five orders of magnitude higher collec- suitable circuit performance. Additionally, it can be said that
tor leakage current than device NPNI. However, it should be this was the first demonstrated work in which complementary
noted that the base current in device NPNI exhibits higher vertical BiTs on SOS were processed simultaneously using the
recombinatton than device NPN2, as evidenced by the shallo- same processing techniques.
wer slope of NPNI at base--emitter voltages less than 0-6 V.
This effect is most likely due to the lower processing tern- 20th March 1992

r!perature of device N PN 1. The anneal time at 8500C was not E. N. Cartagena, B. Offord and G. Garcia (Naval Command Control
long enough to anneal the damage caused by the base and andi Ocean Surveillance Center, Research. Development, Test and
emitter implants. To maintain high current gain and low col- Evaluation Division, Code 553, 271 Catalina Blvd.. San Diego, CA
lector leakage while decreasing the recombination rate, an 92152. UISA)
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